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ABSTRAGf 


On  6  June  1961,  the  Federal  Aviation  Agency  and  Vought  Electronics,  pi vision 
of  Chance  vought  Aircraft,  Incorporated,  entered  into  a  fixed  price  contract 
(Faa/bRD-4oo)  to  develop  and  fabricate  a  long  distance  communication 
ground  linear  ai^lifier.  The  procurement  specification  was  the  speclflcatlpn 
for  Project  113^  issued  by  the  Pevelopment  Pivision,  CODmunlcatlOns  Branch 
of  the  Bureau  of  Research  and  Pevelopment « 

A  breadboard  of  the  amplifier  was  designed  and  tested  to  insure  electrical 
compliance  with  the  specification  requirements.  After  satisfactory  completion 
of  tests  on  this  unit,  two  prototype  amplifiers  were  completed  and  delivered 
to  the  FAA.  Each  amplifier  utilizes  two  ceramic  M4  7007  beam  power  tubes 
In  push  pull  operating  class  Ai^  In  a  grounded  cathode  circuit.  With  the 
exception  of  these  tubes,  the  entire  amplifier  Is  of  solid  state  construction* 
The  ao^lifier  was  designated  type  FA95438. 
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1^6  Pt^dSE 

The  pu^ose  of  this  contract  ms  to  develop  a  hi^  power  VW  linear 
amplifier  to  be  used  in  a  f^Emrd  scatter  eommunication  system  being  develop» 
ed  by  the  FAA.  The  amplifier  was  to  be  desired  specifically  f^  operation 
in  conjunction  with  an  FA  5270  driver  and  a  TV-2k  exciter,  and  was  to  include 
space  for  mounting  these  units  in  order  to  provide  an  overall  VHF  transmitter 
covering  the  frequency  range  of  118  to  136  mcpSi  This  hi^  power  an^lifier, 
operating  class  ab  was  to  provide  tOOO  watts  of  carrier  power,  (16,000  watts 
P.E^Pi)  with  an  input  of  no  more  than  lOO  watts# 

lil  FACTUAL  DATA 

Table  1  gives  the  characteristics  of  the  VW  aoqplifier  developed  in 
this  contract.  The  amplifier  satisfactorily  completed  an  acceptance  test, 
a  350  hour  life  testj  and  an  environmental  test.  No  specification  waivers 
were  required.  Test  data  on  both  of  the  protot]^  amplifiers  is  included 


in  this  report 


3 


l^UIPMBifr  GlABACTERISf ICS 
kiai  vm  Linear  Amplifier ^  Type  FA^5438 


Procurement  Specification 

Project  113*8 

l^equency  Range 

118*136  incps 

Input  Signal 

One  amplitude  modulated  RF 
Signal 

iofive  Requirement 

100  Watts  caiUrler  power 

Output  Signal 

One  amplitude  modulated  RF 
Sipial 

Output  Power 

4000  Watts  carrier  power 

Input  impecrnuice 

50  ohms  nominal 

Output  liiiq>edanee 

50  Ohms  noniinai 

Isolation 

30  db  minimum 

Distortion 

5  per  Cent  maximum 

Power  Requirements 

Three  phase,  60  eps,  206  volts 
line  to  line,  30  KVA 

Associated  Driver 

Type  FA*5^Q  lOO  watt  linear 

an^lifier 

Associated  Exciter 

Type  TV-24  8*vatt  exciter 

Weight 

Crated 

4000  pounds 

Uncrated 

3000  pounds 

table  1 


4 


2.0  SYSfM  PmOSOPHY 

2.1  Reliability 

Reliability  was  given  prime  eonslderatlon  In  the  design  of  the  subject 
aii$llfler.  Solid  state  co^onents  were  used  wherever  praetlcable  in 
preference  to  tubes  to  increase  the  theoretical  Mf!^  of  the  amplifier. 
According  to  specification  >aL«R«26474>  the  following  equation  is  used 
for  MTBF: 

=  30  (10)"^  (Nj.)  /  15  (10)"^  (Nj,)  /  2  (10)*^  (Nb)  /  0.5  (10)*^  (Hg) 

»WBF  s  1/f^ 

T 

Where  IS  the  total  nimber  of  tubes 

Ngi  is  the  total  number  of  motors  and  relays 
Ng  IS  the  total  number  of  semiconductors 
Ng  is  the  total  remaining  coEBponents. 

fbusi  semiconductors  are  considered  to  have  a  lifetime  fifteen  times  greater 
than  tubes.  This  contributes  ^eatly  to  increasing  the  over«eill  MTBF  of 
the  unit.  The  calculated  KPBf  is  approximately  2,000  hours. 

2.2  Maintainability 

Maintainability  was  also  given  strong  consideration  in  the  design  of  the 
aymplifler.  It  would  be  possible  to  package  the  amplifier  in  a  smaller 
enclosure  than  the  selected  cabinet.  The  l^ge  cabinet  was  selected  (to 
he  within  specification  requirements)  but  to  be  sufficiently  large  to  allow 
easy  access  to  all  components. 
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2.3  Desigsi  Cdnslderatidfii 

Idv  ffe^ency  equivalent  circuit  of  the  linear  aoplifier  is  as  ihoini 


helotf 


Both  plate  and  grid  tuned  circuits  are  made  up  Of  half*vave  lines  tuned 
eapaeitively.  The  tubes  ere  a  pair  of  Machlett  7007  beam  power  tetrodes. 

A  grounded  cathode  circuit,  instead  Of  a  grounded  grid  circuit,  was  used  to 
obtain  a  higher  gain  circuit.  Two  tubes  were  used  instead  of  one  because 
no  Single  tube  could  be  found  that  would  allow  meeting  all  the  specification 
requirements.  The  ceramic  type  7007  tube  was  used  in  preference  to  the 
glass  type  6l66  tube  because  it  requires  less  drivei  will  operate  at  higher 
temperatures  without  failure  at  envelope,  and  because  its  demonstrated  life* 
time  is  longer.  The  ML  7007  wsui  designed  to  be  physically  interchangeable 
with  the  6l66  and,  as  a  result,  has  certain  limitations.  The  filaments  in 
the  ML  7007  are  brought  out  on  posts  instead  of  being  brought  out  to  coaxial 
rings,  ^e  inductance  of  the  external  and  internal  filament  posts  limits  the 
upper  frequency  range  of  the  tube.  In  additioa,  this  cantilever  filament 


struetuJre  is  not  as  z^gged  as  would  be  desli^edi  and  extreme  care  must  be  used 
in  installing  or  removing  a  tube  to  prevent  damage  of  the  filament  structure* 
Even  with  these  limitations>  the  7007  appeared  to  the  best  available  tube 
i'or  this  application  and,  as  a  result^  was  used* 

Push-pull  operation  was  used  instead  of  parallel  operation  of  the  tubes  to 
provide  a  lower  second  harmonic  content*  class  ABl  operation  was  used  to 
provide  a  more  constant  input  impedanGe  than  would  be  possible  with  Class  AB2 
operation*  This  more  constant  input  impedance,  in  turn,  results  in  a  more 
over-all  linear  system.  To  allow  the  required  power  level  with  Class  ABl 
operation,  a  relatively  high  screen  volte^e  was  used  (approximately  1625  volts) 
This  high  screen  voltage  also  eontributes  to  a  high  gain  amplifier* 

The  bias  point  for  each  tube  was  selected  (when  the  amplifier  is  keyed)  to 
be  as  near  zero  as  considered  safe  with  respect  to  Plate  dissipation,  ^is 
bias  point  of  -l4o  volts  results  in  a  zero  signal  static  plate  current  of 
approximately  1*25  amps.  With  10  percent  high-line  voltage,  this  (worst  case) 
plate  dissipation  is  approximately  10  KW  which  is  near  the  12  KW  limit  of  the 
tube*  This  bias  point  is  undesirable  from  the  viewpoint  of  power  consumption 
but  is  needed  in  order  to  provide  a  high  signal  to  third  order  distortion 
ratio  needed  for  single  sideband  operation.  No  tube  characteristics  are 
available  from  Maehlett  for  a  screen  voltage  of  1600  volts.  Based  on 
extrapolation  of  data  at  screen  voltages  of  600  and  1000  volts,  it  appears 
that  the  zero  signal  plate  current  corresponding  to  maximum  signal  to 
distortion  ratio  for  a  screen  voltage  of  l800  volts  would  be  approximately 
1,5  fuaps.  This  would  result  in  excessive  plate  dissipation  for  the  tubes; 
hence,  the  bias  point  was  chosen  as  high  as  considered  safe  with  respect  to 
plate  dlssipatiOB* 
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In  the  unkeyed  c6ndltlbn>  the  bias  point  vas  ehbsen  to  ainlmize  pbvef 
ebneumptlon  as  far  as  practleable  while  Still  allovrlng  specif leatlon 
requirements  to  be  met^  It  would  be  undesirable  to  completely  cut  off  the 
tubes  in  the  unkeyed  condition  since  intermodulation  signals  would  be 
generated  by  the  ainpllfler  in  the  presence  of  strong  interfering  signals « 

In  the  ^  7^7  tube^  the  intereleetrode  capacitances  evidently  change 
somewhat  with  plate  and  screen  dissipation#  This  detunes  the  amplifier 
and  limits  how  low  the  screen  and  plate  dissipation  can  be  reduced  during 
non-keyed  conditions#  A  bias  voltage  of  sl6o  volts  coi^esponding  to  a 
plate  current  of  approximately  0#62  amps  was  chosen  as  a  coiipromlse  to 
reduce  the  power  consumption  to  a  minimum  without  detuning  the  a^llfier 
a  Significant  amount# 

The  gain  of  any  linear  amplifier  is  a  function  of  the  screen  voltage 
and  the  filament  heating#  If  the  screen  voltage  were  not  regulated^  it 
would  decrease  with  applied  M  voltage  swing#  This  decrease  in  screen 
voltage  would,  in  turn,  decrease  the  gain  of  the  tube  with  input  voltage 
swing  causing  a  rounding  or  flattening  of  the  output  wave  shape  of  the  amp* 
lifier. 

If  the  screen  voltage  Were  not  regulated,  the  screen  voltage  would  also 
increase  with  the  Input  line  voltage.  The  filament  voltage.  If  unregulated, 
would  also  Increase  at  the  same  time#  Both  these  conditions  would  increase 
the  gain  of  the  amplifier.  A  decrease  in  input  line  voltage  would  cause 
the  gain  to  decrease  in  a  similar  manner.  Thus,  the  acreen  voltage  was 
regulated  in  this  amplifier  to  provide  a  more  linear  amplification  and 
to  prevent  variation  of  amplifier  gain  with  input  line  voltage  varlati^. 
The  filament  voltage  was  also  regulated  to  prevent  amplifier  gain  ywriation 
with  line  voltage  variation. 
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3  iO  TECmHC^  DISCUSSION 

For  purposes  of  elilSGussioOt  the  as^lifier  can  be  considered  to  be  coa** 
prised  of  the  feUowing  units: 

Power  Distribution  and  Control 
S*  R.  Fi  Ao^lifier  Asseo^ly 
3*  Hartnonic  Filter 
Hi^  Voltage  Supply 
5«  Screen  Voltage  Supply 
6.  Bias  Voltage  Supply 
7i  Filament  Supply 

3*1  POUER  DiSTRlBUriGN  AND  CCKCRCL 

The  amplifier  was  designed  to  operate  from  206  volts  line  to  line^  6o  cps^ 
towe  wire  source*  Approximately  30  KVA  is  required.  The  power  distribution 
and  control  circuitry  provides  proper  sequential  application  of  this  primary  power 
to  the  amplifier  upon  energization^  provides  protection  of  the  amplifier  during 
overload  conditions,  provides  interlocks  for  safety,  and  ja-ovldeS  proper  lequential 
removal  of  primary  power  during  shutdown  of  the  amplifier.  Provisions  are  incor* 
porated  to  allow  connecting  the  hijdi  voltage  transfopmei’S  primary  either  la  a 
delta  or  wye  connection.  When  delta  connected,  the  plate  supply  voltage  is 
approxlnmtely  750Q  volts,  and  when  >ye  connected  the  plate  supply  voltage  is 
apprcKlmately  ^*300  volts.  The  lower  plate  voltage  is  i^ovided  to  allow  tuning 
or  reduced  power  operation. 
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3.2  R.  F.  Al^IZFm  ASSEMi!:^ 

Figure  ( 6 )  shows  the  IP  an^lifier  assemhiy.  laitially  it  was  intended  to 
use  a  ^u^ter  wave  shorted  line  for  the  plate  tanK  circuity  and  a  half  wave  open 
line  for  the  |p:ld  tank  circuit.  Calculations  were  aade  for  the  plate  tank  cir» 
cuit  wnich  appeared  satisfactory.  Using  brass  tubing  sufficiently  large  to 
allow  finger  stock  contact  around  the  anode  radiator  of  the  tube  (6.5  inches 
o.d. )|  a  line  spacing  to  provide  a  IJl  ohm  characteristic  inpedancej  and  a  line 
length  of  approkimately  sijc  inches,  it  appeared  that  little  difficulty  woiild  be 
encountered  in  tuning  the  118  to  136  mpcs  range  by  use  of  a  5  to  25  uuf  capacitor 
Connected  from  plate  to  plate.  Lines  were  fabricated,  and  spaced  a  sufficient 
amount  above  a  brass  plate  to  simulate  the  22  uuf  nominal  plate  to  screen  capaci* 
tance  of  the  tube.  $ests  agreed  reasonably  close  with  the  calculations.  Eowever, 
when  the  tubes  were  received  and  cold  tests  made  with  the  tube  capSGitaaces  in 
the  circuiti  the  line  length  had  to  be  reduced  to  such  a  degree  that  it  would  not 
be  possible  to  properly  couple  to  the  output  balun.  Tests  on  the  tubes  indicated  that 
the  actual  screen  to  plate  capacitance  was  appraxlnately  hO  uuf  instead  of  the  22 
uvif  listed  in  the  tube  data  sheet.  In  view  of  this,  one  half  wave  length  lines 
were  substituted  for  the  quarter  wave  length  lines. 

The  plate  lines  used  were  6*5  inches  o«d.  and  spaced  10.75  inches  apart. 

This  gives  a  characteristic  Impedance  in  free  space  as  foU-ows: 

-  120  cosh*^  p/p 

•  120  cosh"^  10.75/6.5  •  131  obns 
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aetml  chai^teil  stlc  iiiq^dance  in  the  ff  beoc  would  he  slightly  different 
due  to  the  eapaeitanee  hetween  the  lines  and  the  sides  and  ends  of  the  rf  hoac, 
hut  the  difference  is  snall» 

At  the  up]^r  end  of  the  ^equency  hand>  I36  iiicps>  the  ratio  of  the  tuning 
eapaeitanee  admittance>  to  the  line  adinittanee,  Ypp>  is  as  follows: 

^cl/^op  “  ^^^cl^op 

Where  is  the  tuning  eapaeitanee^  and  f  is  the  frequeney  of  ^erati^* 

^clAop  -  2  (B.1‘»)(10)(10)‘^®(131)(13^)(10)^ 

M  1.12 

This  assumes  that  at  the  upper  end  of  the  frequency  hand  a  capacitance  of 
10  uuf  is  to  he  used«  From  the  foU  Ing  page>  it  can  he  seen  on  the  Smith  chart 
that  this  point  is  represented  hy  point  A .  At  this  name  frequency,  the  ratio  of 
the  plate  tO  plate  capacitive  admittance.  Yep  to  the  line  admittance  Yep  is  as 
follows: 

2T[f 

cp'  op  p  op 

ii  2  (3.l4)(20)(l0)^^(l36)(ld)^(l3l) 

•  2.24 

This  is  hased  on  the  actual  tube  plate  to  screen  capacitance  being  40  uuf 
instead  of  the  advertised  2^uf,  thus  giving  a  plate  to  plate  capacitance  of  20 
uuf*  This  point  is  represented  as  point  B  on  the  Smith  chart*  Point  A  corres» 
ponds  to  0*134  wavelengths,  and  Point  B  corresponds  to  0*316  wayelengthsj  the 
difference  being  0*182  wavelengths*  Che  wavelength  at  this  frequency  is  as 
follows: 


2i2  meters  •  M»6  inches 


X  =  v/f  *  3(10)®  (136) (Id)®  » 

0.182  X  8  1^*8  inches 

thus  at  this  fre<4iUeney.  with  a  line  length  of  15>8  inches  uhose  character- 
istle  Impedance  is  131  ohms.  10  uuf  capacitance  will  cancel  out  the  20  uuf  capa¬ 
citance  between  plates  giving  resonance,  since  the  plate  of  the  tube  is  actually 
between  one  and  two  inches  below  the  bottom  of  the  anode  radiator  on  the  HL  ^OO? 
tube,,  and  since  approximately  two  inches  more  lead  length  is  involved  in  attach¬ 
ing  the  capacitor  plates  to  the  lines,  the  brass  tubes  were  made  12  Inches  in 
length 


Plate  Line 


Plate  Radiator 


Plate  Ring 
Screen  Ring 
Qrld 

Filaments 


With  this  length  of  line  the  twdng  capacitance  required  for  tuning  at  the 
lower  end  of  the  band,  118  mcps,  can  now  be  calculated.  At  this  frequency: 


8 


2i^k  meters  m  100  ioches 


118(10)^ 

Assuming  the  overall  line  lengbh  to  be  approximately  15*8  Inches 

wavelengths 


JM.  0. 

100 


The  point  representing  <■  !• 

y, 


corresponds  to  . 


op 

^  •  Going  0* 


Is  point  C  on  the  i^mLth  chart*  This 


wavelengths  toward  the  load  on  the  Smith 


Chart  gives  point  D  which  corresponds  to  »  This  gives  ■■  1.77  ht  0. 

^op  ^op 

^Cl  A 

~  •  1.77  -  Wc.  Z  m  6.28  (ct  )(l3l)(ll8)(10r 

-op 


X. 


Cl  18.3  uuf 

Thus  a  5  to  23  uuf  plate  tuning  capacitor  should  be  more  than  adequate  for 
tuning  the  ll8  to  I36  mcps  range.  Initially  a  Jexinings  3  to  23  uuf  vacuum  capa* 
citor  was  used  in  the  amplifier.  Even  with  air  cooling  of  this  capacitor,  the 
drift  in  capacitance  was  excessive  so  a  higher  current  rating  capacitor,  an  8 
to  4o  uuf  eapacitco'  was  substituted  with  somewhat  better  performance  but  with 
still  excessive  drift*  Tests  made  on  the  capacitor  revealed  an  excessive  tesH 
perature  rise  at  the  end  of  the  capacity  containing  the  bellows.  The  msnufacturer 
was  c^tacted  about  the  problem,  and  a  fix  was  recommended  by  Temco  Electrraics 
to  allow  the  RF  current  to  bypass  the  bellows*  In  the  Jemaings  capacitor  at  VSP 
frequencies,  the  bellows  act  as  a  resistor  since  most  of  the  current  is  located 
near  the  surface  of  the  beUows  due  to  shin  effect*  This  heating  from  the  beUovs 
is  transferred  to  the  connected  plates,  causing  an  esqansi^  of  these  plates  and 
a  resultant  increase  in  capacitance*  Figure  (l)  shows  the  Jennings  capacitor, 
and  Figuore  (2)  shows  the  recoomended  change*  Due  to  the  required  time  scale# 


Movable  Plates 

Spring  Cmtact  with  Sleeve 


Fiogiffi  2 


15 


Tented  Electroftics  could  not  afford  to  wait  for  a  flx^  and  an  air  type  capacitor 
Was  substituted  for  the  vacuum  capacitor* 

The  air  type  capacitor  was  made  of  two  circular  plates  7*5  inches  in  diameter* 
With  this  diameter  I  the  eapaeitance  as  a  function  of  plate  separation^  in  inchesi 
d|  is  as  follows: 

0 .  aiHUilMME  •  ttuf 

d  d 

ThuS|  for  a  capacitance  of  lo  ut^  of  I36  mcps 

d  m  «  *99  inches 
10 

and  f^  a  capacitance  of  I8.3  uvtf  at  118  mcps 
d  •  -  m  ,5l|.  inches 

18.3 

The  0.34  minimum  spacing  of  the  capacitor  plates  should  provide  a  voltage  rating 
in  air  of  4o^ooo  volts  which  is  sufficient  for  the  amplifier  application  as  loog 
as  the  anplifier  is  properly  loaded. 

Actual  tests  on  the  amplifier  showed  the  required  spacing  of  the  capacitor 
plates  to  he  approximately  0.4  inches  at  I18  mcps  and  0*8  inches  at  136  mcpS. 

The  grid  lines  in  the  4  kw  amplifier  were  made  of  brass  tubing^  1*375  inches 
o*d*  spaced  3*^5  inches  apart*  This  gives  a  line  impedance  of  180  otuis 
Z  -  1^  eosh“^  p/d  -  1^  coah’’^  3*25/1*375  ■  I80  ohma 

-  O 

Aasvmdng  that  7  pf  will  be  used  to  tune  the  half  wave  lixw  at  I36  mcps,  the 
ratio  of  the  tuning  Capacitive  admittance,  Ypg  is  as  follows: 

leiAog  -  8-n  »  ®og 

•  2(3,l4)(i36){lo)^(7)(l0)-35(i6o) 

-  1.07 

This  point  corresponds  to  point  E  on  the  included  Smith  chart*  From  the 
tube  data  sheet  using  the  103  uuf  total  grid  to  ground  input  capacity,  gives 
approxhnately  52  uitf,  grid  to  grid  capacitance.  The  ratio  of  grid  to  grid 
capacitive  admittance,  to  the  line  admittance,  Y0g>  is  as  follows; 


^cg/^6g  “  2(3.l4)(i36){10)^(52)(10)*i^(l80) 

-  8.0 

QJhis  point  e^responds  to  point  F  on  the  included  Smith  chart.  The  difference 
in  Wavelengtha  between  these  points  is  as  follows: 

0.2?  -  0.13  "  il^  wavelength 
0.14(86.6)  ■  12.1  inches 

Allowing  0.1  inches  for  capacitor  brackets,  and  assuming  tiie  lines  are  appr^lma« 
tely  2.5  inches  from  the  grid  structure  in  the  tube,  leaves  9.5  inches  for  the  line 
length.  The  ^id  lines  were  cut  to  this  length.  The  timing  capacitance  required 
for  tuning  at  II8  mcps  can  be  calculated  as  follows: 

Yci/^og  *‘2(3.l4)(ll8)(lo)^(52)(lo)-^l2(i80) 

-  6.95 

Ygg  is  the  capacitive  admittance  of  the  tuning  capacitor  and  is  the  prid  line 
admittance*  This  ratio  corresponds  to  point  G  on  the  Smith  chart*  Qoiag  I2.I/100 
Wavelengths  toward  the  load  gives  point  H  which  gives  the  required  Tcj/Tog  •  i»4l* 
Ygj/Yog»  1*41  *  2(3.14)(1i8)(i0)^(g)(1o)-3^^(180) 

•i  10.5  uuf 

Thus  a  capacitance  Of  10. 5  uuf  is  required  for  tuning  at  II8  mcps.  The  actual 
capacitance  required  diu'ing  test  for  tuning  was  not  measured,  but  based  on  the 
capacity  Versus  turns  data  supplied  with  the  capacitor,  it  appears  that  approxl** 
mately  8  uuf  was  required  for  tuning  at  136  mcps,  and  apprcncimately  12.5  uuf  was 
required  for  tuning  at  US  mcps.  These  figures  are  reasonably  close  to  the  cal* 
culated  values,  considering  the  accuracy  of  the  parameters  involved. 

Initial  cold  tests  on  the  BF  amplifier  assembly  shoyed  low  isolation  between 
the  grid  and  plate  circuits.  Insufficient  voltage  was  available  at  the  grid  ring 
of  the  tube  to  allow  eonventional  cross  grid  to  plate  neutralization.  In  addition, 
the  problem  of  neutralization  was  c^splieated  by  the  self  neutralization  frequency 
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of  the  tube  faUlbg  within  the  ll8  to  136  mcps  range  #  It  ean  be  seen  from  the 
the  preceding  calculations  (Point  F  on  the  Smith  Chart)  that  the  electrical 
center  of  the  half  wave  grid  lines  is  only  0^02  wavelengths  fr^  the  grids  This 
eorresponds  to  I.7  inches  at  136  mcps^  and  2*0  inches  at  118  mcpSi  Thus  the 
voltage  minimum  on  the  halfwave  lines  is  almost  at  the  tube  grid  rings  This 
verifies  that  there  should  be  very  little  voltage  at  this  point  for  cmventional 
cross  neutralizations  Since  this  voltage  maximuca  (current  mintoum(  is  near  the 
top  of  the  g'id  lines,  a  loop  was  added  near  this  point  to  inductively  couple  a 
signal  for  cross  neutralizati^.  The  loop  worked  satisfactorily  except  that  a 
reversal  of  phase  was  required  in  the  frequency  band.  Repeated  attengts  to  lower 
the  screen  inductance  by  better  bypassing  giving  shorter  paths  to  ground  failed 
to  raise  the  seif  neutralization  frequency  out  of  the  frequency  bands  Only  by 
directly  shorting  of  the  screen  ring  to  ground  could  this  be  accomplished.  Thus, 
it  was  decided  to  ground  the  screen  of  the  amplifier,  and  to  operate  the  bias 
and  plate  Voltages  with  respect  to  the  screen,  with  the  screen  groundedi  the 
neutralizing  loop  worked  properly  without  requiring  phase  reversal  throughout 
the  band.  Figvue  ( 8 )  Shows  the  neutralizing  loop  between  and  in  front  of  the 
grid  lines.  The  movable  short  allows  adjustment  of  coupling  to  provide  ^timum 
isolation.  The  amplifier  when  properly  neutralized  has  35  to  kO  db  of  isolatipn 
between  grid  and  plate  circuits.  For  a  given  set  of  tubes  the  movable  short, 
once  set,  requires  little  if  any  change  over  the  frequency  band. 

Due  to  the  physical  size  of  lines,  cabling,  brackets,  etc,  in  the  ai^ll* 
fiery  it  was  not  possible  to  remove  all  the  resonances  in  the  VHFsUHF  frequency 
range.  For  example,  in  Figure  (8  ),  it  oan  be  seen  that  the  filament  leads,  the 
wires  attached  to  the  grid  chokes,  the  grid  chokes,  the  input  balua,  eapaeltor 
brackets,  etc.  are  all  going  to  be  resonant  in  this  frequency  range.  All  these 


rdsonajices  that  could  not  he  rentoved  were  staggered  so  that  no  resonanee  in  the 
grid  circuit  was  near  the  seme  frequency  as  any  resonance  in  the  plate  eircuit^ 
Resonance  tests  were  initially  niade  with  a  50  ohm  duuny  load  attached  to  the  in¬ 
put  halun>  and  as  a  result^  seme  resonances  in  the  plate  circuit  of  the  FA  5270 
driver  were  overlooked»  One  resonance  near  350  fiicps  together  with  a  350  rncps 
resonance  in  the  plate  circuit  of  the  4  kw  an^lifier  caused  an  oscillation  at 
this  frequency,  fo  remove  this  instahiiity,  a  quarter  wave  trap  was  added  to  the 
input  halun.  The  harmonic  filter  in  the  output  coaxial  cable  of  the  4  ItM  amplifier 
was  also  moved  so  that  the  first  inductive  element  was  more  nearly  an  odd  number 
of  quarter  wavelengths  from  the  output  halun.  This  was  done  to  provide  more  of  a 
load  On  the  ai^lifier  at  this  frequency,  thus  lowering  its  gain* 
j.3  HARMOMIC  PILTES 

Since  the  second  harmonic  frequency  in  a  push-^pull  linear  amplifier  is 
normally  very  far  down  from  the  fundamentali  little  additional  filtering  should 
he  required  of  this  frequency  to  insure  that  it  is  at  least  6o  db  down  from  the 
fundamental.  In  this  4  KW  amplifier,  the  second  harmonic  frequency  was  approxi- 
mately  54  db  down  with  no  filtering.  Due  to  this  the  harmonic  filter  need  net 
have  a  sharp  cutoff  characteristic  in  order  to  suppress  both  the  second  and  third 
harmonics.  The  low  pass  filter  used  was  n^e  up  of  four  constant  K  sections 
mounted  in  3  l/8  inch  coeocial  bousing.  The  filter  with  its  outer  conduetcr 
removed  is  shown  in  Figure  (lo).  Design  of  the  filter  was  conventional.  Cutoff 
frequency  was  chosen  to  be  200  mops,  and  the  filter  was  designed  for  50  ohms  to  give 
minlmvBni  insertion  loss  at  1^  meps,  the  center  of  the  hand.  The  spacing  between 
the  capacitive  elements  and  the  inside  of  the  coax  outer  conductor  is  approxi¬ 
mately  0.312  inches.  Assuming  "needle  gap" characteristics  due  to  the  sharp 
edges  of  the  elements,  this  gives  approximately  9000  volt  breakdown  voltage. 
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The  filters  were  aetually  tested  at  10,000  volts  without  hreakdoWh»  The  required 
power  rating  of  the  filter  is  16,000  watts  c<^responding  to  the  peak  envelope 
power.  Assuming  §0,000  watts  for  safetyj  this  gives  a  voltage  requireinent  as 
follows: 

E®/50  -  §0,000 

E  <■  lOOO  Volts  xmlS 

Epeak  • 

This  assumes  no  staniiLng  waves  in  the  filter.  With  a  hi^  vswrj  assimiing  the 
same  forward  power,  the  voltage  at  a  standing  wave  maximum  could  reach  twice 
this  value  or  23§8  volts.  Thus,  the  10,000  volts  breakdown  shoxild  be  more  than 
adequate  even  considering  humidity,  altitude,  and  temperature  ranges.  The  fil¬ 
ters  characteristics  are  as  shown  in  Figure  ( 3  ) .  The  actual  cutoff  frequency 
of  the  filter  agrees  reasonably  close  to  the  §00  mcps  calculated  value.  This 
high  cutoff  frequency  was  chosen  to  minimise  insertion  loss  over  the  II6  to 
136  mcps  passband,  and  also  to  provide  a  load  on  the  sm^lifier  at  higher  fre¬ 
quencies  for  stability  considerations.  The  point  of  minimum  insertion  loss 
appeeu'S  to  be  approxlinately  10  mcps  higher  than  the  127  mcps  calculated. 

3.4  BiGH  voyrAOE;  supm 

The  high  voltage  supply  is  a  conventional  three  phase  supply  utilizing 
full  wave  rectification  with  a  series  choke  input  filter.  The  primary  windings 
of  the  plate  transformer  are  capable  of  being  co^uieeted  in  either  a  wye  or  Delta 
coimectira  to  provide  either  4300  or  7300  Volts  plate  supply  voltage.  The  supply 
is  entirely  of  solid  state  c^strisstlon  utilizing  six  stacks  of  silicon  diode 
ceUs  for  rectification.  Each  diode  is  bypassed  capacitively  and  resistively 
to  equalize  inverse  voltages.  To  limit  surge  currents  though  the  diodes. 


IXM  PASS  POOR  aSCTICaS  CONSTANT  K 


FREQUENCY  IN  ICPS 
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resist^B  are  ioitlaUy  plaeed  in  series  with  the  filter  eapaeitors.  The  re- 
sist^s  are  shorted  hy  a  vacuum  switch  two  seconds  after  the  high  voltage  supply 
is  energized.  This  protective  feature  may  not  be  required  for  the  rectifiers 
being  used,  but  in  view  of  the  cost  of  a  set,  the  time  scale  for  delivery,  and 
the  limited  quantity  of  amplifiers  being  built,  it  was  incrac^orated  in  the  two 
prototype  units. 

Ten  per  cent  line  reactance  is  provided  in  the  primary  of  the  plate  trans* 
former  to  limLt  the  surge  current  that  can  be  drawn  fr^  the  transformer.  Thy- 
rite  varistors  are  connected  across  the  dc  chokes  and  line  to  line  across  the 
secondary  of  the  supply  to  limit  voltage  spikes  which  otherwise  could  possihle 
exceed  the  peak  inverse  voltage  rating  of  the  rectifiers.  Each  rectifier  stack 
is  rated  at  20,000  volts  peak  inverse  voltage  which  should  be  considerably  niore 
than  required  in  this  power  supply. 

Overload  protection  of  the  supply  is  obtained  by  the  high  reactance  of  the 
transformer  and  from  a  series  overload  relay.  IXte  to  the  ten  per  cent  reactance 
of  the  transformer,  less  than  30  amps  can  be  drawn  from  the  supply  under  short 
circuit  conditions.  The  rectifiers  will  withstand  this  overload  current  suffiu 
Ciently  long  for  the  overload  releiy  to  de.>energize  the  supply.  This  overload 
protection  was  unintentionally  satisfactorily  tested  in  the  breadboard  an^lifier 
when  the  plate  supply  voltage  was  shorted  to  ground  due  to  insulation  melting 
in  the  RF  amplifier.  The  polyethylene  insulation  melted  due  to  rf  heating.  As 
a  result  of  this,  teflon  insulation  was  used  in  place  of  the  polyethylene. 

3.^  SCRBM  VQLTA^  SUPPLY 

The  screen  voltage  supply  is  a  series  regulated,  solid  state  power  sv^ply. 
The  input  voltage  for  the  supply  is  furnished  by  tlnree  constant  voltage  trans» 
formers.  The  series  regulator  in  the  supply  maintains  a  constant  output  voltage 
as  the  cv^ent  drawn  from  the  supply  varies  from  0  to  4oo  ma.  and  as  the  line 
voltage  frequency  varies  plus  or  minus  1.3  cps  from  the  nominal  60  cps. 


^.6  BIAS  ^CSMAm  SUFFIX 

bias  voltage  supply  is  also  a  series  regulated  solid  state  supply^ 

The  input  to  the  supply  is  regulated  113  volts  ac^  60  eps^  Single  phase*  The 
bias  and  screen  supplies  are  interlocked  so  that  loss  of  bias  voltage  diseonneets 
the  Screen  voltage  fr^  the  amplifier.  In  keying  the  anplifier,  the  bias  voltage 
is  reduced  f^om  p16o  volts  to  *140  volts  to  increase  the  gain  of  the  ai^lifier* 
Test  results  on  the  bias  and  screen  voltage  supplies  are  given  in  fabls  (  2  )* 

3*7  FlLAiCNT  SUFFIX 

Each  filament  dravs  1^  amps  at  5  volts  from  an  individual  transfonner* 

A  separate  filament  transfo^r  is  used  for  each  tube  to  allow  monltOTing  mdip 
vidual  cathode  currents.  The  primary  winding  of  each  transformer  is  suppl‘'  d 
with  regulated  115  volts  ac  from  constant  voltage  transformers*  The  hi^  rep 
actance  of  the  constant  voltage  transfoimer  limits  the  inrush  current  to  a  safe 
Value  when  filaments  are  first  energized* 


4,0  SOMMASY 

A  4  iOf  carfler  power  (16  KW  P,E,P,)  VI#  linear  euaplifier  was  developed  whicn 
eovered  the  frequenev  range  of  116  to  136  ffiepi  and  which  satisfied  the  require 
tnents  Of  the  FAA  specification  for  Project  113»6,  With  the  exception  of  the 
two  ceraaic  heaa  power  tetrodes,  the  entire  anplifier  was  of  solid  state 
construction,  ISrO  ml  7007  tubes  operating  Glass  AbI  in  a  grounded  cathode 
circuit  were  used  in  the  amplifier.  An  BF  harmonic  filter  made  of  vi^ylns 
line  sections  was  used  to  reduce  the  second  and  third  harmonic  content  of 
the  amplifier  to  the  specification  levels.  Sufficient  metering  circuitry 
was  included  to  allow  easy  set  up  and  tuning  of  the  amplifier.  Power 
diatrlhution  and  control  circuitry  was  Included  to  automatically  sequence  and 
interlock  the  applied  voltages  during  starting  and  stopping  of  the  an^llfler. 
All  components  in  the  amplifier  were  significantly  derated  for  rellahility 
considerations . 

TWO  of  the  amplifiers  were  completed,  Satisfactorily  tested  to  insure 
compliance  with  the  specif leation  requlrementSi  and  delivered  to  the  Federal 
Aviation  Agency,  The  first  unit  was  shipped  from  Temco  Electronics  on 
25  June  1962,  The  second  unit  was  Shipped  from  Temco  Electronics  cm  26  Joly 
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BIAS  SllFpyr  ISSI  DATA 


TENFERATU^ 

imam  vmiatiqn 

GOTPOT 
VaLTAOB  DC 

BEQUIATOR 
VGLTAiB  DROP 

RIPPLE 

25*C 

Q$ 

131.0  WG 

3  3.0  VDG 

50  mv  PP 

57‘G 

•i 

o 

130.4  VDG 

34.5  VDC 

50  nnr  PP 

60“  G 

“  i  06^ 

130.2  VDG 

36.0  VDG 

5  0  8nr  PP 

6l“C 

130.2  VDG 

33.0  VDG 

50  ®r  PP 

25“  G 

0^ 

131.0  me 

33.0  VDG 

50  fflv  PP 

14“G 

+.0736 

131.9  VDG 

32.0  me 

50  inv  PP 

10“G 

+.0936 

132.1  VDG 

31.7  VDG 

50  m  PP 

6“G 

+.0931 

132.1  VDG 

32.0  VDG 

50  m  PP 

-l“G 

132.3  VDG 

32.0  VDC 

50  aw  PP 

•15*C 

>1.031 

132.3  VDG 

34.5  VDC 

50  aw  IT 

SCREEN  SUFPIJ  TEST  DATA 


TEtSERATURB 

percent  VARlATiGir 

OOTPOT 

yfamm  dg 

REQULATCR 

Vdf  A^  mee 

RIPPiE 

26“C 

Qf> 

1625.0 

157.0  VDC 

1.0  VPP 

31*  C 

of, 

1625*0 

156.0  VDG 

1.0  VPP 

40“G 

+.035# 

1630.0 

160.0  VDC 

1.25  VPP 

50“G 

>.o65?t 

1635.0 

155.0  VDC 

1.25  VIT 

66“C 

+.095?t 

1640.0 

147.0  VDC 

1.50  VPP 

21“  G 

0f> 

1625.0 

143.0  VDG 

1.0  VPP 

»6“C 

*.0355t 

1620.0 

145.0  VDC 

0,75  VPP 

^10“C 

».065^t 

1615.0 

155.0  VDC 

0.75  me 

*19-C 

-.P95?t 

1610.0 

157.0  VDC 

0,75  VPP 

Table  2 
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PART  II 

RECOmlDATlONS 

1.0  In  future  units,  eenslderation  Should  be  given  to  using  different  type 
rectifiers  in  both  the  screen  and  high  voltage  supplies.  Improved  silicon 
rectifier  stacks  are  now  availabe  that  are  smaller#  have  higher  peak  current 
ratings,  and  do  not  require  resistor  and  capacitcxr  bypassing  of  individual 
cells. 

In  fut^e  units,  an  investigation  should  again  be  made  concerning  the 
use  of  a  vacuum  variable  plate  tuning  capacitor.  A  new  line  of  variable 
capsicitors  in  development  by  Jennings  uses  ceramic  instead  of  a  glass  housing. 
These  capacitors  are  supposed  to  have  higher  RF  current  ratings  for  a  given 
size  than  their  present  units.  The  vacuum  variable  capacitor  would  be  easier 
to  tune  than  the  present  air  type,  would  cover  a  wider  capacitance  range, 
and  would  Probably  be  less  expensive. 

The  gain  of  the  amplifier  is  somewhat  lower  at  136  mcps  than  at  118 
mcps.  This  is  believed  due  primarily  to  increased  transit  time  loading. 

When  the  amplifier  is  used  in  conjunction  with  the  FA-527P  driver,  it  is 
recommended  for  maximum  overfall  system  performance  that  the  FA%5270  driver 
be  adjusted  to  provide  appraclmately  120  watts  instead  of  100  watts  output 
at  the  upper  end  of  the  frequency  band.  With  this  higher  input .power,  the 
output  coupling  can  be  made  tighter  while  still  maintaining  4000-watts 
carrier  output.  This  tighter  coupling  (steeper  load  line)  gives  a  wider 
RF  bandwidth  cuid  also  minimizes  downward  carrier  shift  with  maximum 


modulation 


1.0  ACd^MICE  TEST  SPECIFICATION 

1 . 1  6e Aeral  Pr @vl b ions 

Tests  will  be  made  on  one  Of  the  tvO  prototype  amplifiers  to  demon« 
strate  that  It  satisfaetorlly  meets  the  requirements  of  the  fAA  Specification 
for  Project  liBaS.  These  tests  will  be  performed  at  the  manufaeturer's 
facility  and  will  include  the  following: 

a.  General  Performance  «  Prior  to  either  the  environmental  tests 
or  the  life  test,  general  performanee  tests  will  be  run  to  check  out  the 
amplifier  at  approximately  2  mcps  increments  across  the  frequency  band. 

b.  350  Hour  Life  Test  •  one  of  the  two  prototypes  will  be  subjected 
to  a  350  hour  life  test  In  accordance  with  paragraph  4.3.1  of  the  speclfi* 
cation  for  Project  Il3«8.  Records  will  be  maintained  and  submitted  to  the 
Federal  Aviation  Agency  prior  to  delivery.  Data  readings  Will  be  recorded 
at  12  hour  intervals.  Completed  records  will  contain  information  on  operat¬ 
ing  time,  adjustments,  malfunctions,  replacement,  and  corrective  action, 

if  required. 

1.2  Approval  of  Tests  -  This  specification  shall  be  approved  the  Federal 
Aviation  Agency  prior  to  conducting  tests. 

2.0  GENERAL  PERFORMANCE 

One  of  the  prototype  wsplifiers  will  be  tested  in  conjunction  with 
one  VHF  exciter,  type  TV924,  and  one  linear  Vlff  driver^  t^e  FA-$270. 


Test  C0Hdltldhs  -  The  eoBdltidns  under  which  the  equipment  will  be 
tested  are  noted  in  the  following  paragraphs  unless  otherwise  noted  in  the 
description  of  an  individual  test. 

2^1il  Line  Voltage  «  The  line  voltage  will  be  adjusted  by  variable  transformers 
to  insure  208  volts  60  cps  line  to  line^ 

2.1i2  /unplifier  Input  -  The  exciter  and  driver  Will  be  adjusted  as  requii'ed 
to  provide  100  watts  /  0  percent^  -3  percent. 

2.1^3  Amplifier  output  -  With  an  w  carrier  power  input  of  not  more  than 
100  watts,  the  amplifier  output  will  be  adjusted  to  provide  at  least  4000 
watts  carrier  power  into  a  50  ohm  resistive  load. 

2.1*4  Modulation  applied  to  the  low  level  TV*24  exciter  Will  be  such  as  to 
provide  9O  percent  modulation.  Modulation  will  be  checked  at  3OO,  400,  *fOO, 
1000,  1300,  1600,  1900,  2200>  2500,  2700>  2900,  and  3000  cps  modulating 
frequency.  These  tests  will  be  performed  at  low,  medium,  and  high  frequeneies 
in  the  1I8  to  136  me  band. 

2.1.5  Test  Frequency  Teats  will  be  repeated  at  approximately  2  mcps 
Increments  across  the  II8  to  136  mcps  frequency  band  unless  otherwise 
specified. 

2.1.6  iUpbient  Temperature  «■  Ambient  temperature  will  be  normal  laboratory 
temperature. 

2.2  Carrier  Power  Output  «  The  carrier  power  output  shall  be  at  least 
4000  watts  at  each  of  the  test  frequencies. 


2*3  CaiTler  Shift  with  Line  Voltage  -  The  line  voltage  (line  to  line)  shall 
be  varied  from  182  to  225  volts*  Carrier  power  shall  not  vary  more  than  bOO 
watts  from  the  nominal  Uooo  watts . 

2*4  carrier  Shift  with  Audio  Modulation  -  Carrier  Shift  shall  be  less 
than  4od  watts  trcm  the  nominal  4000  watts  at  up  to  90  percent  modulation* 

2.5  Audio  Distortion  »  The  distortion  of  the  signal  input  to  the  amplifier 
shall  be  measured^  as  well  as  the  distortion  of  the  signal  output*  The  output 
distortion  shall  not  be  more  than  five  percent  greater  than  the  input 
distortion* 

2.6  Isolation  >  With  no  power  applied  to  the  amplifier^  the  grid  and  plate 
circuits  will  be  tuned  to  resonance*  A  signal  will  be  applied  at  either  the 
input  or  output  and  the  attenuated  signal  will  be  measured  at  the  other 
connector.  The  attenuation  of  the  signal  will  be  at  least  30  db* 

2.8  Load  vsvro  «  Using  a  load  to  provide  a  VSW  of  2/l>  the  amplifier 
Will  be  tested*  Power  output  shall  not  decrease  by  more  than  400  watts 
from  the  nominal.  4000  watts  as  the  coax  line  length  to  the  load  is  varied 
m  approximately  0*1  wavelength  steps. 


2*9  Low  Power  Operation  •  At  one  of  the  test  frequencies,  the  amplifier 
will  be  changed  to  allow  low  power  operation.  The  output  of  the  amplifier 
will  be  less  than  2000  watts  with  no  more  than  100  watts  it^ut.  Carrier 
shift  with  audio  modulation  (90]()  will  be  less  than  ten  percent*  Audio 
distortira  added  by  the  amplifier  will  be  less  than  five  percent. 

2.10  Input  Impedance  *  With  the  grid  circuit  tuned  to  resonsnce,  the  input 
V8WR  shall  be  less  than  1*6  to  1* 


2«il  SpuriduB  and  Hannoaie  Radiation  «  fests  shall  be  made  at  each  of  the 
test  f^requeneles  to  Insure  that  spurious  and  harmonic  radiation  are  at  least 
6d  db  down  from  the  fundamental  frequency. 

3.0  350  HOUR  till  TEOf 

The  350  hour  life  test  shall  be  conducted  at  a  frequency  of  127  aeps  (mid-band )» 
The  test  will  be  continuousi  24  hours  a  day  until  completion  of  the  test. 

3.1  Test  Cycle  -  The  exciter^  drlver>  and  amplifier  will  be  set  up  at 

the  test  frequency.  With  lOO  watts  /  0  -  5  percent  input,  the  e^llfler  will 
be  adjusted  to  provide  in  excess  of  4oOO  watts  output.  A  test  cycle  will  be 
set  to  provide  automatically  the  following  repetitive  sequence. 

(a)  ten  minutes  carrier  off 

(b)  five  minutes  -  carrier  on 

3.2  Test  Data  -  At  12  hour  intervals,  the  following  tests  will  be  made  and 
all  pertinent  information  recorded.  Retunlng  should  not  be  required  during 
this  entire  test. 

(a)  ceurrler  power  output 

(b)  carrier  shift  with  modulation 

(c)  modulation  distortion  at  3PQ,  1000,  and  3QOO  cps 

4.0  ENVIRONMENTAL  TEST 

4.1  Temperature  and  Line  Voltage  -  Install  the  amplifier  in  the  sdtltude 
chamber  and  set  up  at  the  test  frequency  of  127  mcps  for  4000  watts  carrier 
power.  Reduce  the  temperature  to  •lO^c  with  power  applied  to  the  equipment 
but  with  no  keying.  Allow  the  chamber  to  stabilise  at  -lO^C  for  thirty  minutes. 
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Tufn  catfiif  on  by  keying  the  exeltef^  and  measure  carrier  power.  Reduce 
the  line  voltage  to  182  volts  and  repeat.  Increase  the  line  voltage  to 
225  volts  and  repeat.  Record  test  data.  Turn  the  equipnient  off  and  reduce 
temperature  to  “55°G.  Allow  the  chamber  to  stabilize  at  this  temperature 
for  30  minutes. 

4.1.1  Increase  the  chamber  temperature  to  room  temperature  and  turn  the 
amplifier  back  on.  operate  for  five  minutes  at  this  ten^erature  to  determine 
any  possible  malfunction  due  to  tha  low  storage  temperature. 

4.1.2  Increase  the  chamber  temperature  to  60^0  and  allow  it  to  stabilize 
for  30  minutes.  Turn  carrier  on  and  measure  output  power.  Check  output 
power  also  at  182  volts  and  225  volts  line  voltage.  Record  test  data. 

Turn  the  amplifier  off  and  increase  the  tes^erature  to  70°C.  Allow  the 
chamber  to  stabilize  for  thirty  minutes  at  this  temperature. 

4.1.3  Return  the  chamber  to  room  temperature  and  operate  the  amplifier  for 

5  minutes  to  determine  any  malfunction  caused  by  the  high  storage  temperature. 

4.2  Altitude  9  At  room  temperature  and  normal  line  voltage,  decrease 
the  pressure  in  the  chamber  to  simulate  10,000  feet  altitude.  Mlow  the 
chamber  to  stabilize  for  3^  minutes.  With  carrier  on,  record  test  data. 

4.3  Hvraidlty  «  With  amplifier  on  buy  unkeyed,  bring  the  relative  humidity 
up  to  95^  at  room  temperature  and  pressure  equivalent  to  sea  level  altitude. 
Leave  the  amplifier  in  the  environment  for  four  hours,  ^ply  carrier 

5  minutes  out  of  each  15  minute  period.  Record  test  data  at  one  hour  intervals, 

5,0  TEST  PROCEDURES 
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5.1  Isolation  a  The  followii^  test  proceduifes  are  to  he  used  In  performing 
tests  given  in  paragraph  S.6  of  this  speelficationi 

5*1*1  Basic  Test  Setup  »  Refer  to  figure  lA  and  connect  the  4  IW  linear 
amplifier  as  shovm*  The  following  equipments  or  their  equivalents  are  required 


for  this  test: 

Equlptnent  Quantity 

\^iF  Signal  Generator  (W?  6o8l))  1 

coax  Reducer  (31/8  to  N  connector^  Andrews  §2262)  1 

vsm  and  Di  Meter  (Hewlett  Faehard  415S)  1 

Crystal  Holder  (PRO  613d)  1 

Crystal  (INRII)  1 

Attenuator,  6  dh  1 

coax  Cables  (RG-*8,  R0^7>  or  equlvsLient)  » 

coax  connector  (Barrel  Type-*N)  1 


5*1*1*1  Detailed  Test  Procedures  •  Set  the  modulation  frequency  Of  the  signal 
generator  to  1000  cps.  Set  the  signal  generator  on  the  desired  frequency, 

118  mcps.  First  set  the  variable  attenuator  on  the  signal  generator  Initially 
to  0  db.  Peak  the  Output  level  with  the  TRIMMER  then  reduce  the  power  With 
the  OVTPirr  level  knob.  Set  the  MOD  LEVEL  knob  to  give  90  percent  modulation* 
On  the  DB  meter,  set  the  BOLM^TER^RYSTAL  knob  to  the  CRYSTAL  position,  and 
set  the  DB  scale  to  the  0  db  range.  Adjust  the  GAIN  control  on  the  PB  Meter 
to  give  a  zero  db  Indication*  If  zero  db  cannot  be  reached,  increase  the 
output  level  or  modulation  level  of  the  signal  generator;  or  drop  down  to 
the  *•10  db  scale  on  the  OB  meter  and  zero  the  PB  meter  on  this  scale  with  the 
GAIN  control*  Disconnect  the  two  coax  cables  from  the  bsurel  connector  and 
connect  as  shown  in  Figure  13* 


32 


33 


Ubs  the  same  coaxial  eables  as  previously  used,  and  do  not  disturb  the  settings 
on  the  signal  generator^  Remove  the  lower  front  panel  from  the  4  KW  Rl*  box  and 
move  the  short  on  the  neutralizing  loop  up  as  far  as  possible  to  provide 
practically  no  neutralization  of  the  amplifier^  Replace  the  panel*  using  the 
ORlD  and  PLATE  TUNE  dials,  tune  the  amplifier  to  peak  the  reading  on  the 
DB  meter*  initially,  drop  to  a  lower  scale  on  the  BB  meter  to  allow  peak  meter 
tuning*  After  the  amplifier  is  tuned,,  again  remove  the  front  panel  from  the 
lower  Section  of  the  amplifier  and  lower  the  short  on  the  neutralizing  loop 
to  the  point  Gorresponding  to  118  mcps*  Replace  the  front  panel,  and  check 
the  reading  ©n  the  DB  meter.  The  difference  between  this  reading  and  0  (or 
aid  depending  on  the  initial  scale  used)  gives  the  isolation  between  the 
input  and  output  of  the  amplifier.  This  isolation  should  be  at  least  BO  db* 
Repeat  this  entire  procedure  at  2  mcps  increments  from  116  mcps  to  1B6  mcps* 
Isolation  at  each  frequency  should  be  at  least  30  db*  NOTE;  (1)  Isolation 
is  independent  of  modulating  frequency;  but  since  a  tuned  amplifier  is  used 
in  the  DB  meter,  a  modulating  frequency  of  1000  cps  must  be  used,  and  (8) 
tests  are  to  be  made  with  no  power  of  any  kind  on  the  amplifier*  (Frevlous 
tests  have  shown  practically  no  difference  between  tests  with  and  without 
filament  voltage,  the  isolation  being  one  to  two  db  greater  with  filaments  on.) 

^,2  Carrier  Power  Output  »  The  following  test  procedures  are  to  be  used 
in  performing  tests  given  in  paragraphs  2.2,  2,9  end  2,10  of  this  specification. 

3.2,1  Basic  Teat  Setup  «  Refer  to  Figure  2  and  connect  the  4  KW  amplifier 
and  associated  equipment  as  shown.  Set  the  Input  line  to  line  voltage  to 
208  volts.  The  following  equipments  or  the lx  equivalents  are  required  for 


this  test 
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Equipment  Quantity 

TV»24  Exciter  1 

FA-5276  Driver  1 

Dummy  Load  and  Wattmeter  (Bird  Electronics  2 

Model  67c) 

Power  Divider  (temco)  1 


5i2il4l  Detailed  Test  Procedures  »  set  up  the  tv-24  exciter  and  the  FA-5276 
driver  at  a  frequency  of  118  mcps  in  accordanGe  with  the  applicahle  handibooks 
covering  these  units «  After  set  up,  adjust  RI3  in  the  fv-24  to  obtain  exactly 
166  watts  carrier  power  out  of  the  fA-5276  driver,  using  the  4  KW  linear 
amplifier  with  power  on  as  a  load.  Before  final  adjustment  of  Rl3,  adjust 
the  Grid  TIBIE  on  the  4  iS  amplifier  for  minimum  VSWR  as  read  on  the  FA-5276 
driver  meter.  This  VSWR  should  be  less  than  1*6  to  one^  If  the  minimum  VSWR 
is  higher  than  this,  shut  dovro  the  amplifier,  and  readjust  the  coupling 
between  the  input  baiun  and  the  grid  lines  of  the  4  KW  linear  amplifier. 

Repeat  VSWR  measuroment.  Adjust  the  PLATE  TUNE  dial  on  the  4  KW  aiaplifier 
for  maximum  output  power  as  read  on  the  two  wattmeters.  If  the  power  is 
less  than  4000  watts  or  significantly  more  than  4000  watts>  shut  down  the 
amplifier  end  adjust  the  coupling  of  the  output  baiun,  or  the  position  of 
the  short  on  this  baiun.  Repeat  this  procedure  until  the  output  power  is 
between  4000  and  4560  watts  for  an  input  power  of  100  watts.  After  this 
test  is  complete,  proceed  to  tests  as  outlined  in  the  following  sections 
before  changing  frequency,  (At  one  of  the  test  frequencies,  throw  the  PLAM 
voltage  TUNE-OPKRATE  switch  to  the  TUNE  position;  and  using  this  same  basic 
test  setup,  demonstrate  low  power  operation,) 

/ 

5,3  Carrier  Shift  with  Line  voltage  -  The  following  test  procedures  are 
to  be  used  in  performing  tests  given  in  paragraph  2.3  of  this  specification. 


5 •3*1  Basic  Test  Setup  >  Use  the  saine  test  setup  as  given  in  paz^agl^aph  5 *2 
above. 

Detailed  fest  Procedures  -  set  the  input  culler  power  to  the  4  KW 
anplifier  to  no  more  than  lOd  watts  by  adjustment  of  Rl3  in  the  TV«24  exciter 
to  Obtain  exactly  4000  watts  carrier  power.  Adjust  the  input  line  voltage 
(line  to  line)  to  182  volts.  Beadjust  R13,  if  required^  to  maintain  constant 
carrier  input  power.  Measure  and  record  the  carrier  power  out  of  the  4  Jew 
amplifier.  Repeat  this  procedure  with  an  input  line  to  line  voltage  of  22^ 
volts.  Reset  the  line  to  line  voltage  to  208  volts  before  proceeding  to 
further  tests. 

5.4  Carrier  Shift  with  Audio  Modulation  and  Audio  Distortion  »  The  following 
test  procedures  are  to  be  used  in  performing  tests  given  in  paragraphs  2.4 
and  2,5  of  this  specification. 

5,4,1  Basic  Test  Setup  »  Refer  to  Rigure  3  and  change  the  test  setup  frcmi 
the  one  prevtously  used  as  required.  The  additional  equipments  or  their 
equivalents  required  for  this  test  are  as  follows: 

Equipment  Quantity 

Transfer  Oscillator  (Hewlett  Packard  54ob)  1 


Audio  Oscillator  (Hewlett  Packard  gOOCD)  1 

Adjust,  Attenuator  (Oeneral  Radio  874-ga)  1 

Adjust.  Attenuator  (General  Radio  6749GA)  1 

(Modified  for  Instl,  in  3  1/8  epax) 

Crystal  Detector  Mount,  Prd  613D  1 

Crystal  Detector,  1N21B  1 

Distortion  Analyzer,  Hewlett  Packard  33OB  1 

Oscilloscope  (Hewlett  Packard  13QA)  1 


FIG0RE  3 


5*4*1.!  Detailed  Teat  Procedtirea  «  Set  the  audio  Oscillator  frequency  to  300 
Cfs,  with  carrier  On  (input  power  100  watts  or  leas^  Output  ceufrier  power 
4000  watts).  Throw  the  KETflNG  awiteh  at  the  top  of  the  main  control  panel  to 
the  TEST  poaitiOh*  Adjuat  the  A^LITUDE  control  of  the  audio  oscillator  to 
give  90  percent  modulation  as  measured  on  the  oscilloscope.  With  the  distortion 
analyzer^  measure  the  percent  distortion  of  the  modulation  envelope  out  of  the 
FA-527d  driver  as  follows;  Set  the  INPUT  dial  on  the  analyzer  to  the  AF 
position.  Using  the  FREQ  MNGE  and  the  COARSE  frequeacy  dial|  Set  the  analyzer 
to  the  modulation  frequency  (300  cps  in  this  case).  Set  the  Function  switch 
to  the  SET  LEVEL  position.  Using  the  INPUT  SENSiTiVify  knoh^  adjust  the 
signal  level  to  give  a  100  percent  reading  on  the  meter.  Switch  the  FUNCTION 
switch  to  the  DISTORTION  position.  Using  the  FINE  frequency  control  and 
the  BALANCE  knoh  alternately,  adjust  until  the  meter  indication  is  nulled. 

The  meter  reading  is  the  distortion  of  the  modulation  envelope.  The  MBTER 
RANGE  control  will  probably  be  on  the  10  percent  scale  for  this  reading* 

Remove  the  cable  from  the  variable  attenuator  out  of  the  FA-^STO  driver 
and  connect  the  cable  from  the  variable  attenuator  out  of  the  4  KW  amplifier 
to  the  distortion  analyzer*  Switch  the  FUNCTION  switch  back  to  the  SET  LE^^BL 
position.  Do  not  disturb  the  INPUT  SENSITIVITY  control.  Adjust  the  variable 
attenuator  in  the  3  1/3  coax  to  obtain  a  100  percent  reading  on  the  distortion 
analyzer  meter.  Switch  back  to  the  DISTORTION  position  on  the  FUNCTION 
switch  and  proceed  to  measiu'e  distortion  as  before*  The  difference  in  the 
two  distortion  measurements  is  that  contributed  by  the  4  KW  amplifier. 

Repeat  these  tests  at  modulating  frequencies  of  400,  7OO*  1000,  1300,  I6OO, 
1900,  2200,  2500,  2900,  and  3000  cps.  At  one  of  these  modulating  frequencies 
(1000  cps)f  record  input  and  output  carrier  shift  as  the  modulation  is  added 
and  removed. 
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5»5  VSWR  «  The  folldwing  procedureB  are  to  he  ueed  in  pef forming 

tests  given  in  paragraph  2^8  of  this  ipecifieationi 

5.5.1  Basie  Teat  Setup  *  Uee  the  same  test  aetup  as  given  in  seGtion  %k 
with  the  following  exception.  Shut  down  the  amplifier.  Remove  the  dtunmy 
load  from  the  output  coax  connector  of  the  4  KW  linear  amplifier  and 
cOnneet  a  3  1/8  to  N  type  reducer.  Connect  a  teflon  type  coaxial  cahle 
(RO-89^  CVG  6020  or  equivalent)  to  the  reducer.  Connect  an  N  type  Tee  to 
the  other  end  of  this  cable,  out  of  the  Tee  connect  the  two  vattmeters. 

This  gives  a  25  ohm  load  on  the  amplifier  vhich|  in  turn,  gives  a  2/1  VBVRi 

5.5«1<1  Detailed  Test  I'roced^wes  «  With  this  load  on  the  amplifier,  test 
the  distortion  contribution  of  the  amplifier  and  carrier  shift  using  300  cps 
audio  modulation.  Test  procedure  will  be  the  same  as  given  in  p^agrapb  5*4. 
Adust  the  output  balun  for  minimum  carrier  shift  and  distortion.  Both  must 
be  vithln  spec,  requirements  before  proceeding.  Record  input  and  output 
carrier  power  for  five  different  cable  lengths  between  the  R  type  Tee  and 
the  Coax  reducer,  the  cable  lengths  differing  consecutively  by  approximately 
0,1  wavelength. 

5.6  Spurious  and  Rarmonlc  Radiation  The  following  procedures  are  to 
be  used  in  performing  tests  to  Ins^e  Gompliance  with  paragraph  2.11  of 
this  specification. 

5.6.1  Basic  Test  Setup  •  The  test  setup  for  monitoring  spurious  and  harmonic 
radiation  shall  be  ets  shown  in  Figure  4.  Additional  equipment  requirements 
from  that  previously  given  are  as  follows t 


EqUlpnieht 


Quantity 

Kolae  and  Field  Intensity  Meter  1 

(Efnpire  Devices  I^«ld5) 

W  Low  PaBs  Filter  (Temcp  J*Ol-70OO9*l)  1 

^.6.1il  Detailed  Test  Procedures  »  On  the  Noise  and  Field  Intensity  Meter  (rffl 
meter )>  set  the  attenuator  to  the  BO  dh  position.  Use  the  SO  to  200  mcps  head 
on  the  IPI  meter.  Tune  the  head  to  the  eerier  frequenGy,  Adjust  the  variable 
attenuator  from  the  4  KW  amplifier  to  provide  a  full  scale  reading  on  the  MFI 
meter^  Tune  the  head  across  the  20  to  200  mcps  range  and  monitor  wd  record 
the  relative  level  in  db  of  any  possible  spurious  radiation.  Disconnect  the 
4  iw  amplifier  from  the  i^l  meter  and  connect  the  signal  generator^  set  the 
frequency  to  200  mcps.  Set  the  signal  generator  level  to  provide  a  certain 
level  on  the  MFI  meteri  Leave  the  generator  at  this  frequency  and  power 
level «  Switch  the  head  on  the  NFI  meter  with  the  200-400  mcps  headt  Tune 
this  head  to  the  generator  frequency  and  note  and  record  any  difference  in 
db  in  signal  level  from  that  previously  obtained  with  the  lower  frequency 
head.  This  difference  will  then  be  added  or  subtracted,  as  required,  to 
readings  obtained  over  the  200  to  400  mcps  fz^quency  range. 


FIGUBE  4 
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Test  Etulpmeat 
4  KU  Llneair  Amplifier 

D^CRSPTZON  NO.  RiEQ. 

VSi*  Signal  Oenefator  (Hewlett  Paekard  6o8d)  1 

Transfer  Oscillator  (Hewlett  Packard  540b}  1 

Audio  Oseillator  (Hewlett  Paekeufd  SOOCID)  1. 

Distortion  Analyzer  (Hewlett  Packard  330B)  1 

WM  and  DS  Meter  (Hewlett  Packard  4151)  1 

Oscilloseope  (Hewlett  Packard  130a)  1 

Noise  and  field  intensity  Meter  (Empire  Dewices  1 

Products  Corporation,  1^-105) 

Dummy  Load,  0>6000  Watts  1 

Adjustable  Attenuator  (Oeneral  Radio  Type  674#0A)  1 

Adjustable  Attenuator  (Oeneral  Radio  BjUmOkf  Modified  1 

and  Installed  in  3  i/8  Inch  Coax 
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Ftsftstuoae  mat'  ms^ 
i4Df  ussAM  uataam 


IM^tteasjr 


mfs 


Ttfit  _  Qi  A»  MeMi^en  P>td_ 

FSoJttCt  _ A  «_R  *  Gieveli^d _  Pfct#.  5~2_6.r^£ 

Aeccptanee  T«ift  Specif ioatioo _ CTA,  405"01063  , 

RiiiAfki  (Diieuii  Bqfuiptteeit  lailures^  «tc«f  bare) 

Pi*ta  fuM 

Qrid  fimi  Outp^  balun  ihcirt 


Da'  U.  Ta«t  Ps^adur*  li  found  in _ _ 

Aeciptnaeo  Toit  flpoelfientlon  _ OVA  405«»01063 


1.0 

Taft  Data 

Bun  lo« . . 

Idna  Talta^. 

1.1 

OttTlar  Praquane^  p.36 

1.2 

Xaolatioo  .  37.8  db 

__  Bautr.  Short  Peai 

1.3 

QMTiar  Pouar  Input 

Piraquancy  136  XoDUt  Fouar 


1*6  Ouri«r  tstiil  Shift 


^  IbdulAtleii 
^  ModiaAmda 


l«t.  fowur  Out  Stability 

Jayut  f oltadp 

Xoput  Powar 

1B2  Toita 

lOO 

aoB  volta 

lOO 

W  volta 

100 

1.8  Audio  DlatartloiB 

Lloa  f  oltaoa _ _ 

20$ 

PMdr  Out  Fduiar  In 


1400  Btrvtdaet  Vm'fm  tragth 


86 


1*9  Spvarloui  ajid  Badiatloa 

ftt^veaey  Cpxirlcua  Ci^^isl  Ltvol  r<3lev 

4000  VjJit  Oaxriar  i  tv  d  U . 


B.O  Output  Laid  fariatlen  witll  2:1  VBhSi 


2*1  BavtrcnaKit 


prsgtr::^iigK  fzsr 

fiif»attea8»_  118.05 

mi  i.itsAii  AETtn^ 

T#i%  «*«g< "ojatL  G»  A,  MeMullen  pat« 

Fvoimt  laiELawg  A.  R.  Cleveland  Date 

AeeeqptaDce  T««t  gDAclfleatico  CVA  U05-OIO63  _ _ 

Mmrkrn  (Dlieiiii  E^lpi^t  wtc.^  here) _  9 


PlitA  Tuba 
dH:d  INia 


_ Output  balun  ^/4"  fwd  short  up  5 

l/k*'  trm  15/elex 

Ditaii  tAAt  IhroeAdUFA  is  found  In 

. of 

AecAptaaeA  fiat  OpAclf ieatlon _ 

CVA  405-01063 

<0¥ 


1«0 

tAAt  llAtA 

Bim  iov  1 

LloA  feltAfs 

206 

l»l 

CUrrl«r  FrAanoiiey  U3.o5 

1.2 

lAOlAtloO  3*^ 

INutr.  Short  Poo. 

1/2" 

1«3 

CkMTlAr  POUAT  Input 

PVAOUASCy  113.05 

Input  PpuAT 

100 

Zaput  fBUB  1.02 

t 

1 

1*^  QjurrlAr  pAWAr  Output 

FfAquABcy  3Jl8«<^  Output  FuuAr 


1,25 


1«6  Ourrleir  Lairil  flhift 


%  HeduljfctidQ 
90^  iMCi^tiea 
Pdw6r  Cut  Btibillty 


Jlnput  Veltop 

&p\it  PoiNir 

l8e  Tolti 

100 

206  uolts 

100 

22$  Uolti 

100 

1.8  Audio  SttitortioQ 


Powttr  Out  PoMir  Xa 

ItOOO 


idd 


Output  Pouiar  flirlatioa 


Spurtoui  and  Suvceies  Mdialiloo 
frequency 

U2.5 

96 

161 

236  ^4  SamonlG, 

35^  3H  iannoMe 
110«5 
5^ 

32 

25  , 

Output  Loud  Yuriatlco  t  with  2:1  TSIB 

Lite'itrotehair  <Mput  Baisii 

Wmt  Leosth  Putltlen 

0.0  ■ 

6.1  5  lA 

0*2  .  6  l/g 

0.3  .  .-  -5i.O  . 

o.*» 

0-5  5  lA 


Sp^ioua  Level  BeldU 

liOOO  l^tt  CazTier 

_ -**-1*  5  Jl _ 


^k6 

CB 

£!B 

-86.; 

5  KB 

-84 

KB 

*66 

KB 

-88 

BB 

“f  ? 

•Up 

li 


Altitude 


7*5-62 


RHFUwiMSSE  RSPCEtS 
uiQi  Lima  tmjrmsi 


119_.,1 


^  ^  C*.  A*^ 


aiat«„ 


km  Ri  Cleveland 


sate 


7-5-^ 


Aeeeptaiiei  fast  Spaclficatlcin 


GVA* 


RMMurka  (Dlaeuai  BqulFiisnt  failles,  etc**  be?e) _ linit  Mumhfer  2_ 

Wjrte  tuBi  _ 

Olid  time 


Output  Taalun  l/2"  fwd  up  6”  from  ayclex 


Detail  te«t  j^oefdure  it  found  in  . . _  _ _ . . ,  _ . .  of 

AceOptooee  Voot  Spoclf  ieatlon  cyA*405*Q1963  _ 


i^o 

1.1 

toot  Data 

Rui  io* 

1 

Lin*  ▼oltna* 

208 

Glrrlor  Frouuooey  119.1 

1.2 

XOQlutiOID 

^0  dl» 

loutr.  Short  Poo. 

1/2"  .. 

1.3 

COiTlMr  Pau«r  Input 

PkaouoDcy 

119.1 

Input  Fowur 

100 

Liput  TBUR  __ 

1.05 

: 

1 

l.A  Oirrlor  Powoor  Output 


91 


Xc6  CSunH^er  LeiNd 


Pouvr  Out 


foMiir  Xa 


%  HodjoUitlod 
^  MptelAtlea 

X.7i  Pdirttr  Out  Btibiilty 
liq^  foita^  Input  Pownr  Output  Puwur  ▼•rtatiua 


182  l^ts 

100 

^800 

206  «olt« 

100 

Itooo 

225  ^ta 

100 

l^loo 

1.8  Audio  Oiitortloa 


•  4.100 


Spurioui  Afid  Iftrfidode  Badiatldci 


111.5 

-  2M  •  gnd  BGumoiy.c 
357  ^rd  HamcMaic 

22.0 

^pvt  Lpad  fwiatlon  with  2:1  fsiit 

tlai  dtrateher  Oirtjpiit  Viv*^ 

Vav*  Led^  tbtttt  Pehtttea 

0*0  . 

0,1  . 

0.2 

0.3  . .  .  -  ■ 

0,4  _  ,  , 

0.5  _____ 


Sptffious  Siipaal  Leril  B«ldv 
4000  Uhtt  Oarrlar 


f 


*88,0  EB 
*82.0  13B 
*7^*,0  M 
*70.0  ICi 


TAuu 

ttowl. 

■ittir  Out 
Mod* 

Hum  ism^ 

IhtlroanKtt 
Altilwt  TwijWimtyrd 


Altltudd 


93 


pgKPcgiiicss  itspcnr 

4101  urns  Ae31.mES 


l!reau6ne»  120. 


f Hit 

i^Jeet  *ngin«»€tr  R.  Cleveland _ 

Aeedptaaee  Teit  Sp^lfleatloo _  CVA-40$-01063 

RciHifka  (iMLaeitfi  S^lparat  ftaliurei,  «tc.|  here)  Unit  Nufflber  2 
tVDM  _ _  _ 

_ 

J^tput  balun  short  up  6"  tsm  nyclex 


tetall  Vast  j^de#dur#  la  found  in  _  _ _ _  .  .  . .  Of 

AOeofUaeo  tOit  Bpaeiflcation _  CVA-405.01063 _  _ 


i.o 


1*1 

1*2 


teat  Oat* 

Ribi  io.  k  ti9»  ▼olteaa  ^ 

OUTier  Fjpequaoey  120.93332 

laolatlon  3Q  db  Veutr.  Sheri  Foe.  l/2" 


Date 


7*5*62 


late 


7*5*62 


1*3 


1*4 


Qurler  Povw  Input 
Feequancy  130 


Input  fBMR 


1.01 


CputTlar  PoveF  Output 

120,93332 


Output  VSUR 


IQO 


output  Fouar 


4000 


1*15 


1 


1.6  Guritt  L^«l  fllhift 

^  teximlaticn 
90^  Kod^tloQ 

1«7.  Power  Out  fitabllltv 

Input  f  olta^ 

1B2  woits 
208  trolt* 

225  rolts 

I«6  Avdio  Olft^ioo 

Idne  Toltft^  ^ 


l^ut  Power 

100 _ 

100 

ioo 


Powar  Out 


Peii«r  Xa 


l^GOO 

100 

3900 


Output  PoiNar  Iferiatlcn 

.  UQOO  mmmtMm 


lyUia  Stretobor  Were  Len^tb 


0 


95 


Spul^oul  ftnd  BuHdole  Badla^do 


SpufldKul  Si^lQal  LelwX  BcXov 
i;660  &tt  Ctez^ler 

-62  db  REC. 

»  45.5  dlj  ?®G. 


242  2nd  I&Lraqnln. 


Brd  Baxmot^c 


<^70.0  1%  REC. 
-83.0  db  . 
-81.0  db 
78  db  SEC. 


Output  Loud  foriuticiQ  t^tb  2: 1  VlSfa 


LiM  Strotehor 
llavo  Length 


Output  Sdluh  fi 

Short  Pooltlou  Ohaod. 


itter  Output 
Kod.  fUtfor 


CD¥lrooneot 


Aabieut  Teqpenituro 


Altitude 


p5S?C!r::*:n^  ssri 

rgegusaeiir  ^  123  »0 

usu  yriAa  a-stlstes 

Test  fevUjieeir, G  A  t  Mct'fullen  Da^  7*5-6g 

l^oject  Ragloecr  A^  R.  CieveMnd  Beta  7*3^^^ 

Aeeepiaoee  Test  Specifieatloe  CVA-40^-01063  _ 

Rcai^ka  (Biicuie  B^lpesent  PaLiiure«>  etc*,  bege) _ Uinlt. ttober  2 

PliKte  Tum  _ 

^id  Tuae  _ , 

Output  balun  l/4*'  fwd.  short  6”  up  fron  myclex _ 


Detail.  Test  Pirocedure  Is  fouad  in  _  .  _ _ _  of 

Aec^taace  Test  Specif  leotiop  _ . . 


1«0  Test  Data 


1.1 

Rui  Bo._. 

1 

Line  ▼olte.ge 

208 

CSrrler  Freauency  123.0 

1.2 

Isolstlaa 

30  db 

Beutr.  Short  Pos. 

1/2” 

1*3 

Cbrrl^  Foyer  Input 

Prequepey 

123.0 

Input  Power 

100 

Eiput  TBun 

1.01 

:  1 

1.1 

CSsrrler  Power  Output 

freuMiSicy 

123.0 

Output  Power  ^ 

uooo 

Output  TSIiSt  _ 

1.05 

e 

1 

Carriex^ 


tloo 


7050;  I 


Gafritf  Lev«l  Shift 


^  tfigdulAtloo 
9^  tSodnlAtloh 

1^7.  Pow^  Out  Stability 

Input  f  oita(s»  Input  PoiNir 


1.8  Audio  DlAto^ioo 
XJyna  f  olta^B  208 


Powcar  Out 


Output  Powor 


182  volto 

100 

3800 

206  volt* 

100 

l+ooo 

22$  volti 

100 

J!»050 

FcifOr  In 


▼iriatlob 

6 

*50 


Lino  Btretohsr  Lnagth 


0 


99 


r 


FBVttcMBcs  fsar  mpaa 

fftittttiaey  125*0 

liiOf  lIIQAB  AMiJfllB 

t#ii  WotOoMr _ C.  A .  MeMulAen  . ,  _  Bat#  7-5-62 

Project  iaglaeer _ A  ^  R  ^  jOleveland _  Pete  ^  7-5-62 

Aecepteaee  feet  Specifioatiap _ CVA-40S-0106^  _  , 

iuaerka  (Diieuea  Squipaeiat  feilureo^  «tc.>  berey _ Unit  Number  2 

Pi*^  _ 

Qrld  tuBi  _ _  _ _ 

Output  baluil  l/V*  :fad«„.Shert  5^  S/j^"  M  nyelex _ 


Oeceil  feet  Puroeedure  le  foubd  in  _  _  _  ,  _ . ,  _  .  _ _  of 

Aeeopteaee  *eet  Specif  Icetlaa  GVA*4Q5-01063 


1.0 

1.1 

teet  Pete 

Run  lo.  1 

Line  ▼Olteae 

208 

Cerrler  Ppeeuency _  125*0 

1.2 

leoietico  30  db 

leutr.  Shcirt  Pee. 

< 

to 

1.3 

OMTier  Power  Input 

Freguency  125.0 

Input  Power 

98 

Input  fStfl  1.02 

t  1 

1.^ 

Garrlcor  Power  Output 

FroQueney  125.0 

Output  Power  ^ 

IfOOO 

OntDUt  fSUR  1*01 

• 

• 

1 

f  ' 

i 


100 


1*5  Ai^lifler  Effi^liney 


las 

m33tk 

mmm 

mmm 

■t^ 

msm 

-ZD 

I3Sto  " 

m 

wm 

KHRH 

mm 

mm 

■1 

nn 

Hi 

Ci^lcf 

7100 

1*20 

a 

IQO 

mmmm 

^:0_  J 

n 

Hi 

Noiulution 

7000  1 

HI 

mm 

dSH 

wm 

issm 

■M 

■Bi 

Hi 

Hi 

1*6 


(Siff’ler  Levil  Shift 


Pemf  Out 


Fousf  In 


6  IMuliiitlnn 
Kadulntlon 


3900 


14. 


Powor  Out  Btablllty 


Input  Pcunr 


Output  PetMd? 


torla^on 


102  Iroltn 
iroltn 
iroltt 


98 


1^6 


Audio  Olftartioo 


I4iM  Toltaffo 


203 


Lias  Strutebeor  Vatu  Length 


vsm 

Pruaua 

300  Vpl 


6  PittCM^iOO 


Ajgi  I4n;Ar  6  PiPtertloq 


Plffcrcnsu 


11. 0 


,10.75: 


.25 


cpi 
TOO  e^i 


9.5 


io;o' 


.2^ 


10.0 


.^'0 


IQOO  CPU 


I'^OO  cp^ 

!^bo~c^ir 


TO 


10.^ 


i:.7o 


9.0 


10.5 


T,5 


O- 


10.5 


x;i 


IjOO  CPU 


2200  ept 


O.fc) 


2900  CPU 


0.5 


10. 25 


10.25 

10.25 


Spurleui  itii  flbriiGtiie  Radii  utloq 


nraqpiency 


163.  me. 


250  mg  Md  Hazmonic 
375  me.  3fd  Baniidnie 


Output  Load  ▼aflAticia  «d.tL  2:1  WM 

LIm  8tr«teb«r  <tatpttt  Baint 

Wava  Leodth  Short  Pealtloo 

0.6  ■ 

0.1  . 

0.2  . 

0-3 

0*4 

0.5  .... _ 


Bpurloua  Slioal  Latal  Ralow 
4000  Ratt  Oafriar 


_ ^5.5 

B_S 

EG. 

.  „  . 43.0 

ffl  R 

E6», 

_ _ rM.O 

m  . 

^  _ -87.0 

Tiraiai 

ttiaiod. 

adttir  Ou 
Uodf 

bput 

Ptvo 

BavlrpaiMt 
A^lairt  faqporatura 


Jatltuda 


102 


FER^IMTGK  iStSSET  ^S3K2iT 

Xrtqosaey .  Ii6>0 

klDi  LXOAB  AtSfJfQS 

Ifitit  fe^iwair  A«  Mel^ulJLg^^ _  Bat*  ,  T'g3^*^2 _ 

j^ojeet  _ A*  R>  Cleveland  Pate  7"3-^S _ 

Aceeptaoee  Test  Specif leatloo  _ _ 

fUMUkflui  (Plieusi  S<{uipi&ent  fiailuKt,  Ptc»,  befe)  Unit  Nurnbef  2 

WAte  fuae  _  .  ,  , 

drid  tune 

Output  balun  l/k"  fwd  Jh<^  up  5  l/2''  jfrem  %cl^ 


Deteil  teet  Ptoeedure  ie  found  in  .  .. _ _ _  of 

Aeeeptenee  teit  Bpeeificetlcp  CVA-40$-01063  _ 


i«0  feet  Pete 


Run  So*  . 

Line  f  oite^  _ . 

i.i 

Oerfler  FreQueoey  1^*0 

i.e 

leoletioo  30#) 

leutr*  Bhoort  Fee.  l/^” 

1-3 

QiZTieF  Foyer  ]^put 

Frequeoey  .  126.0 

Input  Pie#er  1-*^° 

XODUt  TBUa 

1  i 

Cerrler  Fever  Output 

Freoueoey  126.0 

Outsut  Pouer 

l.Ql 


1 


i»6  OaiArler  Leva!  Shift 

Potfor  Out  Peiror  In 

<i  UuiuintidD  ^^OCO 

■ ■ '  100 

9Gjl  iiddnla1S|.ea  4000  •— i 

14.  Pownr  Out  BUblli^ 


Input  foita{E»  Input  Pownr  Output  Pevar  VoPlatiun 

IBP  Toltn  100  38Q0  gpOO 

ao6  irolti  100  4 000  0 

225  TOlti  lOO  4l00  4-100 

1.6  AudlQ  Diftortioa 


Um  f oltnea  ^08  Linn  Stpatchsr  Vavn  l^jagth  0 


104 


Spurlout  BunMiiie  Badiatico 


gS2  2nd  Harmonie 
'^78.,'^fd  HamonlG 


^inridua  Bl^aaJL  Letil  BaliSr 
4000  llktt  Oafriar 

CB  BIG. _ 

-43.5  rfi  I^C 


-.88.0  i®  REG. 

r-jr-Vi-Tiimia.-— .a. 

^84.0  IB  REGt 

.-81.0  EB _ 

-82.0  DB _ 


Output  Luid  farlAtion  with  2:1  Tl^ 

t-tift*  Stretcher  Output  Salim  tnoi 

lleve  LtxniUk  Oion  Potltlim  Pstod* 

0.0  * 

sitter  Ou 
Usd* 

^TUt 

POiiir  Sosut 

0*1  6  1/2  4000 

3600 

100 

0.2  5  1/2  3800  . 

3600 

100 

0.1  41/4  4000 

3600 

100 

0.4  6  1/2  4000 

3600 

90 

O.S  ?  1/2  4000 

3600 

90 

lavli-onnint 
MibMBt  Tviipmtvra 


Altitudf 


105 


MagoTw  aca  ixas 

Farecvtsaay,  128.0 

liBI  Un^  AtTLIFIER 

T#>t  C«  A«  _  Data  _ 

Firojact  *»gi  na ar _ A*  „S « J^lgyglaPji _  Bata _ 7* _ 

Aecaptanea  Taat  Spactfieatloo _ :^A“^Q5*Q1^3  _ _  _ _ _ _  _ _ 

nniiwrti  (Biieuaa  BijuipaMnat  ate**  bara ) _ nn^^t  ■MiiraH>Ar — - 

Mata  ^Nia  _ _ _  -  _ - 

Arid  *uaa  _ _ _ 

Output  balun  l/4"  fwd  5  3/8  ehort  up 


Datall  Taat  Frpeadura  la  faupd  in 
Aecaftaaea  Taat  Opaciflcatiaa 


Cva*405*61063 


of 


I.O 

Taat  Data 

Rua  lo*  X 

Lina  foltaae 

208 

Itl 

Garrlaa  Fra(|uaney  I28.O 

1.2 

laoiatioo  30  db 

Bautr.  Bbcqrt  Pea. 

1/2" 

1*3 

Qurlar  Poaar  Input 

Fraouanei  126.O 

Incut  Powar 

100 

Input  YBVSI  1*05 

:  1 

Xpk 

Ounrlar  Powar  Out]^ 

rraouaney  128*0 

Output  powar 

4000 

Cutout  VBUR  1*01 

.  1 
a 

1*6  duriw  Lsval  Shift 


%  li^tiulatioii 
90jl  l!^u]Atlon 

l*t.  Pdtfojr  Out  Stability 


Inyut  f  olta^ 

Input  Powsr 

laS  Volta 

100 

200  volts 

100 

volts 

1*6  Audio  ULataftled 


Povcir  ^  Pouer  In 

4600  , 


8|>uri^  and  Bineaie  ilidiAtiM 

ihraqiUBney  ^utrieui  Sipai  Leiral  Balov 

iiO(X>  Vatt  cannier 


107 

121.5  _ 

256.0  2nd  lonmbniG 
384.0  3rd  Hamonle 


»>44.5  KB  REC. 
>63.5  IB  REG. 
-79.0  DB 
-|a..5„ii _ 


Output  toad  fairlaticil  iittB  2:1  VSUI 


tiaa  Btratebar  Output  Baliai  traoj 

Ikiva  Leoph  Posltliui  Ifcsod. 

0.0 

pltter  Ou 
Udd. 

:put 

PcVaf  lopttt 

0.1 

0.2 

0.3  --v,.rrr  --- . .r  - . . 

0.4 

Snvlronaoat 

gaaipvrature^ 


Altituda 


hrcgusaaar^  i^o.o 

i»ilf  Jitlstmim 

Tift  laiaiMar  _  C,  A«  MgMuilen _  Pat^  7-3-62 

Pt'dject  logliniw  Ar  R*  .Gleyel^d  Bate  7«‘3»6g 

Aec^tanee  Tsit  Si^lficatieo  CVA-403-01063 _ 

Rcomrks  (Diaeiias  B<xuipaai|t  Bailurei,  ate*,  here)  Unit  Number  2 

P3Uit«  tuM  _  _ _  _ _ 

Grid  tUM  „  _ _ _ 

ReadjustM  f 6wd»  Sfaarfc  5  S/Q" 


Dctidl  Tiat  Pfdeodxitv  is  foiad  la  _  of 

Aeeoptoaeo  Itest  Spoaiflcotlcn  CVA-4o$-0lo63 


1*0 

teft  Data 

ftua  Bo.  1 

Line  toltbijs^ 

208 

14 

OigiTior  fmiKioeae/  130.0 

1.2 

XoolatloD  30  db 

leutr.  Ohort  Poe. 

1/2" 

1.3 

OuTlor  Pov«r  Input 

Frooueucy  130.0 

Ziout  Power 

100 

ZBDUt  fBSI  1.05 

: 

1 

1.^ 

OuTiv  Power  Outpui 

Freaucaoey  130i0 

Output  Power  . 

4000 

Output  VE^  1.01 

• 

• 

1 

i«6 


dliirl«r  boirtl  Shift 


POMWf  Out 


$  Huhilutida 
Modnliktioa 

l«7.  Pouw  Out  Btabliity 

lugput  f  oltaoB  Xoput  Powur 

l6e  i^t« 

206  ^oLU 
22$  toltt 

1.6  AulUo  Mitortido 

Ifln*  foltus*  ,  .  ^ 


100 


100 

ioo 


100 


Qutj^ 


liurthiidn 

*200 


+i 


Ipln#  Btrutchor  LuhSth 


«o>t 


Spulrieua  ttunidnie 


110 


26Q_  hiuiniiot^e 


epuirlaus  SlfMi  Ltvil  ttiow 
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figure  4  - 


FOUR  KW  amplifier,  FRONT  VIEW 
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FIGURE  8  -  GRID  TANK  CIRCUIT,  RF  UNIT 


FIGURi:  10  ^  harmonic  filter 
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FIGURE  12,  screen  VOLTAGE  SUPPLY 
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FIGURE  13  -  BIAS  VOLTAGE  SUPPLY 


